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6(23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7KHODUJHRSWLFDOSXPSLQJFHOOLVHQFORVHGLQVLGHDSUHVVXUHFRQWDLQPHQWYHVVHOWRHTXDOL]HWKHGLIIHUHQWLDOSUHVVXUHDFURVV
WKH JODVV FHOO ZDOOV 1XPHULFDO VLPXODWLRQV RI ODVHU DEVRUSWLRQ DQG VSLQWUDQVIHU JXLGHG RXU FKRLFH RI SUHVVXUH
WHPSHUDWXUH DQG ODVHU SRZHU &RPSXWDWLRQDO IOXLG G\QDPLFV VLPXODWLRQV RI WKH WZR]RQH WKHUPDO EDWK HQYLURQPHQW
UHYHDOHGEXR\DQF\LQGXFHGIORZZKLFKIDYRUHGRSHUDWLRQLQFOLQHGDWDQDQJOH:HSUHSDUHGDQGWHVWHGWKUHHVHSDUDWH
OLWHUFHOOVDWLQWHUQDOSUHVVXUHVXSWRVL[DPDJDWEDUOLWHUV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SRODUL]DWLRQ ZH REWDLQHG VSLQXS UDWHV JUHDWHU WKDQ  SHU KRXU FRQVLVWHQW ZLWK RXU QXPHULFDO VLPXODWLRQV
8QIRUWXQDWHO\ HDFK FHOO LQVWDOODWLRQ WR GDWH KDV EHHQ FRPSURPLVHG OLPLWLQJ 7 UHOD[DWLRQ WLPHV WR  KRXUV DQG
DV\PSWRWLFSRODUL]DWLRQVWRYDOXHVEHORZ,IDFHOOFRXOGEHLQVWDOOHGZLWKKRXUOLIHWLPHDQG;IDFWRURIWKLV
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,QWURGXFWLRQ
:LWK LQFUHDVLQJ XVH RI SRODUL]HG +H QHXWURQ SRODUL]DWLRQ DQDO\]HUV HVSHFLDOO\ WKRVHZLWK ZLGHDQJOH
DFFHSWDQFH DPDMRU FKDOOHQJH LV WKH SURGXFWLRQ RI D ODUJH YROXPH RI KLJKO\ SRODUL]HG +H JDV*LYHQ WKH
FRPSOH[LW\ RI WKH DQDO\]HU JHRPHWU\ IRU WKHVH DSSOLFDWLRQV VXFKZLGHDQJOH DQDO\]HUV DUH QRW VHDOHG FHOOV
SRODUL]HG LQVLWX EXW UDWKHU DUH ILOOHG SHULRGLFDOO\ ZLWK ODUJH TXDQWLWLHV RI KLJKO\ SRODUL]HG +H JDV WKDW LV
SRODUL]HGLQDVHSDUDWH³ILOOLQJVWDWLRQ´,QWKLVSDSHUZHGHVFULEHDSRODUL]HUWKDWXVHVK\EULGVSLQH[FKDQJH
RSWLFDOSXPSLQJ6(23WRVSLQXSPRUHWKDQOLWHUVRISRODUL]HG+HLQXQGHUWZHOYHKRXUV2XUWHDPKDV
GHVLJQHGEXLOWDQGUHILQHGDSURWRW\SHV\VWHPZKLFKZLOOEHFDSDEOHRISURGXFLQJDVPXFKDVOLWHUVGD\
ZLWKSRODUL]DWLRQVRIDERYH
+\EULGVSLQH[FKDQJHRSWLFDOSXPSLQJLVEDVHGRQWKHVSLQH[FKDQJHEHWZHHQWKHHOHFWURQRIDQRSWLFDOO\
SXPSHG DONDOL DWRPDQG WKH +HQXFOHXV+\EULGSXPSLQJXVHV DPL[WXUHRI UXELGLXP 5E DQGSRWDVVLXP
.5ELVRSWLFDOO\SXPSHGXVLQJFLUFXODUO\SRODUL]HGOLJKWWXQHGWRWKH'OLQHDWQP5EH[FKDQJHVVSLQ
HIILFLHQWO\ ZLWK . ZKLFK LQ WXUQ H[FKDQJHV VSLQ HIILFLHQWO\ ZLWK +H 7KH K\EULG SURFHVV LV PXFK PRUH
HIILFLHQW WKDQ GLUHFW 5E+H SXPSLQJ DOORZLQJ KLJKHU WHPSHUDWXUHV DQG JUHDWHU DONDOL GHQVLWLHV WKHUHE\
UHGXFLQJWKH³VSLQXSWLPH´IURPURXJKO\DGD\WRDIHZKRXUV(IILFLHQWK\EULGVSLQH[FKDQJHUHTXLUHV.5E
GHQVLW\ UDWLRVRI DERXW ILYH DERYH WKLV OHYHO WKH DONDOL SRODUL]DWLRQGHWHULRUDWHV >@$SSURSULDWH UDWLRVRI
.5E YDSRU RFFXU LI D OLTXLG SXGGOH LQ WKH SRODUL]DWLRQ FHOO LV KHOG DW WHPSHUDWXUHV H[FHHGLQJ q& WKH
RSWLPDOWHPSHUDWXUHGHSHQGVRQWKHODVHUSRZHUGHQVLW\
2XU SRODUL]DWLRQ FHOO LV D ODUJH F\OLQGULFDO JODVV YHVVHO  FP u  FP GLDPHWHU ZLWK DQ RSWLFDO
ZLQGRZDWRQHHQG7KLVGHVLJQDOORZVIRUXQLIRUPODVHULOOXPLQDWLRQGXHWRWKHPLQLPDOOHQVLQJE\WKHWRS
ZLQGRZ DQG LV FRPSDWLEOH ZLWK FRQYHQWLRQDO RSWLFDO HOHPHQWV  7R DOORZ WKH SRODUL]HU WR RSHUDWH DW KLJK
SUHVVXUHWKHFHOOLVPRXQWHGLQDSUHVVXUHFRQWDLQPHQWYHVVHODQGWKHH[WHULRUSUHVVXUHLVFRQWUROOHGWRPDWFK
WKH LQWHUQDOFHOOSUHVVXUH :HKHDW WKHFHOOXVLQJD WZR]RQHWKHUPDOEDWKZLWKD OHVVZDUPVHFWLRQRQ WRS
a&DQGDKRWVHFWLRQRQWKHERWWRPa&DQGRULHQWWKHHQWLUHV\VWHPDWDQDQJOH $VZHGLVFXVV
ODWHU WKLV JHRPHWU\ ZDV VHOHFWHG WR DYRLG XQVWDEOH ³WKHUPDO UXQDZD\´ ZKLFK SUHYHQWV VWHDG\ SRODUL]HU
RSHUDWLRQ 7KHFHOO LV LQLWLDOO\FKDUJHGZLWKDPL[WXUHRI5E. WRSURYLGH WKHQHFHVVDU\DONDOL YDSRU
6XEVHTXHQWO\WKHYHVVHOLVILOOHGZLWKXSWRDPDJDWRI+HDQGLOOXPLQDWHGZLWKDKLJKSRZHUODVHUWXQHGWR
WKH'OLQHRI5E
'HVSLWHWKHDSSDUHQWVLPSOLFLW\RIWKLVV\VWHPLWIDOOVRXWVLGHRIDQ\SULRUH[SHULHQFHLQ6(23RI+HDQG
KDV H[SRVHG D QXPEHU RI WKHRUHWLFDO DQG SUDFWLFDO LVVXHV  7KH FRQGLWLRQV LQVLGH WKH SRODUL]HU FHOO DUH
LQKRPRJHQHRXV ,WKDVDOVRSURYHQFKDOOHQJLQJ WR
IDEULFDWH ODUJH DOXPLQRVLOLFDWH FHOOV XVLQJ ODUJH
EORZQ ZLQGRZV SULPDULO\ GXH WR WKH ODFN RI
VXLWDEOHODUJHGLDPHWHU*(WXEHVDQGZLQGRZV
7KH DQDO\VLV GHVLJQ DQG LPSOHPHQWDWLRQ RI WKH
SRODUL]HUDUHGLVFXVVHG

1XPHULFDOVLPXODWLRQ
+\EULG6(23VLPXODWLRQV
7R VWXG\ WKH IHDVLELOLW\ RI WKLV SURMHFW ZH
EXLOWDRQHGLPHQVLRQDOPRGHOZKLFKDFFRXQWVIRU
ODVHU DWWHQXDWLRQ DQG FDOFXODWHV H[SHFWHG
SRODUL]DWLRQ EDVHG RQ WKH SURFHVV SDUDPHWHUV
LQFOXGLQJ WKH RSHUDWLQJ WHPSHUDWXUH ODVHU SRZHU
DONDOLPHWDO PL[ UDWLR FHOO JHRPHWU\ ;IDFWRU

)LJ  3UHGLFWHG SRODUL]DWLRQ SHUIRUPDQFH RI D
SRODUL]HUSXPSHGZLWKD:EURDGEDQG ODVHUDVD
IXQFWLRQRI7DQG;IDFWRU
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DQGZDOOUHOD[DWLRQ%\V\VWHPDWLFDOO\YDU\LQJWKHVHSDUDPHWHUVZHSUHGLFWWKHFRPELQDWLRQVWKDWPD[LPL]H
WKH ILQDOSRODUL]DWLRQ:HXVHG WKHVHSUHGLFWLRQV WRJXLGHRXUFKRLFHRIRSHUDWLQJSDUDPHWHUV$FFRUGLQJ WR
RXUPRGHOIRUDSRODUL]HURIRXUVFDOHEURDGEDQGODVHUSRZHULQH[FHVVRI:LVUHTXLUHG)RUDQDONDOL
PDVVUDWLRRI.5E DQGDQRSHUDWLQJ WHPSHUDWXUHRIq&WKHDONDOLYDSRUGHQVLW\UDWLRRIDQGWKH
SXPSXSWLPHLVOHVVWKDQKRXUV,Q)LJZHVHHWKHSUHGLFWHGGHSHQGHQFHRIWKHDV\PSWRWLFSRODUL]DWLRQ
RQ FHOO UHOD[DWLRQ WLPH7 DQG WKH FHOO;IDFWRU ZKLFK FKDUDFWHUL]HV WKH H[FHVV ZDUP UHOD[DWLRQ REVHUYHG
GXULQJ6(237KHVHSUHGLFWLRQVLQGLFDWHWKDWKLJKSRODUL]DWLRQVDUHSRVVLEOHHYHQDWUHODWLYHO\PRGHVWYDOXHV
RI7

)OXLGG\QDPLFVVLPXODWLRQV
,QDGGLWLRQWRPRGHOLQJWKHVSLQH[FKDQJHSURFHVVHVWKHLQWHUQDOIOXLGG\QDPLFVLQWKHFHOOFDQFULWLFDOO\
DIIHFW WKH EHKDYLRU RI WKH SRODUL]HU ,Q HDUO\ WHVWV RI WKH SRODUL]HU LQ WKH YHUWLFDO FRQILJXUDWLRQ WKH V\VWHP
H[SHULHQFHG³WKHUPDOUXQDZD\V´LQZKLFKWKHWRSSRUWLRQRIWKHSRODUL]HUEHFDPHLQFUHDVLQJO\KRWZKLOHWKH
ERWWRPVHFWLRQFRROHG7KLVXQVWDEOHEHKDYLRULVFDXVHGE\ODVHUKHDWLQJRIWKHJDV>@ZKLFKLQGXFHVEXR\DQW
WUDQVSRUW RI5E WRZDUG WKH WRSZLQGRZ$V WKH5E FRQFHQWUDWLRQ LQFUHDVHV QHDU WKH WRSZLQGRZ WKH ODVHU
DEVRUSWLRQLQWKHWRSVHFWLRQDOVRLQFUHDVHV7KXVWKHWRSVHFWLRQEHFRPHVLQFUHDVLQJO\KRWWHUDQGWKHERWWRP
VHFWLRQGHSULYHGRIWUDQVPLWWHGODVHUOLJKWFRROV
7RVWDELOL]HWKHIORZZHRSHUDWHWKHSRODUL]HUZLWKWKHFHOOWLOWHGIURPYHUWLFDODQGWKHWRSVHFWLRQFRROHG
&RROLQJ WKH XSSHU  FP RI WKH FHOO VHUYHV WZR SXUSRVHV )LUVW LW LQGXFHV D FLUFXODWLQJ IORZ WKDW PRYHV
XSZDUGV DORQJ WKH WRS VXUIDFH WKDW UHWXUQV DORQJ WKH ERWWRP VXUIDFH RI F\OLQGHU 6HFRQG WKH FRROHU ZDOO
VXUIDFHV FRRO WKH JDV DQG FRQGHQVH DONDOL 7KH FRPELQDWLRQ RI UHGXFHG DONDOL FRQFHQWUDWLRQ DQG JDV
WHPSHUDWXUHVHUYHVWRPLQLPL]HDONDOLDWWDFNRQWKHODVHUZLQGRZ
:H PRGHOHG WKH LQWHUQDO QDWXUDO FRQYHFWLYH IORZ LQGXFHG E\ ODVHU KHDWLQJ XVLQJ )/8(17 D
FRPSXWDWLRQDO IOXLG G\QDPLFV &)' SURJUDP >@ 7KHVH VLPXODWLRQV LQFRUSRUDWH WHPSHUDWXUH DQG SUHVVXUH
GHSHQGHQW WUDQVSRUW SURSHUWLHV WKHUPDO DQGPDVVGLIIXVLYLW\ DQGXVH D NH WXUEXOHQFHPRGHO)LJ VKRZV
VRPHUHVXOWVRIWKHVHVLPXODWLRQVIRUDFDVHZLWK:WRWDOODVHUDEVRUSWLRQWKHERWWRPVHFWLRQDW&
DQGWKHWRSVHFWLRQDW&)LJDVKRZVYHORFLW\YHFWRUVLQWKHFHQWUDOSODQHRI WKHF\OLQGHUQHDUWKHWRS
VXUIDFH7KHIORZVKRZVDQHDUO\VWDJQDQWUHJLRQQHDUVWKHWRSZLQGRZZLWKKLJKXSZDUGYHORFLW\DORQJWKH
WRS DQJOHG F\OLQGHUZDOO DQG KLJK GRZQZDUG YHORFLW\ DORQJ WKH ERWWRPZDOO WKH SHDN YHORFLWLHV DUH a 
FPV 7KH FHQWHU SODQH WHPSHUDWXUH GLVWULEXWLRQ )LJE VKRZV D SHDN WHPSHUDWXUH RI & ZLWK D
WHPSHUDWXUHQHDUWKHWRSZLQGRZRI&7KHSRWDVVLXPYDSRUGLVWULEXWLRQVKRZVDWKUHHIROGGHFUHDVHLQ
FRQFHQWUDWLRQIURPWKHERWWRPVHFWLRQWRWKHWRSZLQGRZ)LJF$OVRZHVHHDYHU\VWHHSJUDGLHQWLQWKH
FRQFHQWUDWLRQDWWKHERWWRPZLQGRZ6LQFHZHDVVXPHGWKDWWKHERWWRPZLQGRZLVFRDWHGZLWKDOLTXLGDONDOL
PL[WXUHWKHVWHHSFRQFHQWUDWLRQJUDGLHQWLQGLFDWHVDKLJKPDVVIOX[IURPWKHERWWRPGXHWRORFDOL]HGKHDWLQJ
&)' PRGHOLQJ VXJJHVWV WKDW WKH FLUFXODWLQJ EXR\DQF\GULYHQ JDV IORZ PDLQWDLQV D VWHDG\ EXW QRQ

)LJ  5HVXOWV RI )/8(17 VLPXODWLRQV DORQJ WKH FHQWHUOLQH RI WKH FHOO D UHFLUFXODWLQJ IORZ QHDU WRS ZLQGRZ 
EWHPSHUDWXUHGLVWULEXWLRQSHDNWHPSHUDWXUHa&FGLVWULEXWLRQRIDONDOLSRWDVVLXPYDSRUZLWKLQWKHFHOO
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XQLIRUPFRQFHQWUDWLRQGLVWULEXWLRQRIDONDOLYDSRULQWKHJDVYROXPHE\UHPRYLQJDONDOLIURPWKHSXGGOHRQ
WKHERWWRPDQGFRQGHQVLQJLWLQOLTXLGIRUPLQWKHFROGVHFWLRQ2YHUWLPHWKHFRQGHQVHGOLTXLGPHWDOLQWKH
FROGVHFWLRQVKRXOGIRUPGURSOHWVWKDWUXQEDFNGRZQLQWRWKHKRWVHFWLRQ7KHV\VWHPPXVWEHFKDUJHGZLWK
VXIILFLHQWDONDOLWRDOORZWKLVOLTXLGDONDOL³IRXQWDLQ´WRFRPHWRVWHDG\VWDWH:HKDYHREVHUYHGWKHWUDLOVRI
IORZLQJDONDOLGURSOHWVRQWKHFHOOZDOOFRQILUPLQJWKLVVWHDG\VWDWHIORZ

3URWRW\SHSRODUL]HUV
2YHUWKHSDVWIRXU\HDUVZHLPSOHPHQWHGWZRJHQHUDWLRQVRIRXUODUJHVFDOHSURWRW\SHSRODUL]HUQDPHG
=HSSHOLQDQG=HSSHOLQEDVHGRQFRQWUROOLQJWKHZDOOWHPSHUDWXUHVLQVHSDUDWH]RQHVDQGRSHUDWLQJWKH
SRODUL]HUDW DQDQJOH VHH)LJDDQGE=HSSHOLQZDVFRPPLVVLRQHG LQHDUO\7KH=HSSHOLQ
SRODUL]HUGHPRQVWUDWHGIRUWKHILUVWWLPHWKDWDODUJHVFDOH6(23SRODUL]HUZLWKKLJKODVHUIOX[FRXOGSURGXFH
VSLQXS UDWHV FRQVLVWHQWZLWK GHOLYHULQJSRODUL]HG +H DW YROXPHWULF UDWHV RI  OLWHUVGD\$IWHU RSHUDWLQJ
=HSSHOLQIRUDOPRVWD\HDUKRZHYHU LWEHFDPHFOHDUWKDW WKHDGKRF LQIUDVWUXFWXUHZHKDGEXLOWXSZDV
LQDGHTXDWHIRUORQJWHUPWHVWLQJ7KHV\VWHPFRXOGEHFRPHWKHUPDOO\XQVWDEOHWKHDYDLODEOHWLOWDQJOHVZHUH
OHVV WKDQ  IURP YHUWLFDO DQG LW FRQVXPHG H[FHVVLYH HOHFWULFDO SRZHU FDXVLQJ KHDWLQJ RI WKH URRP
0RUHRYHULWDOVREHFDPHDSSDUHQWWKDWVSHFWUDOO\QDUURZHGSXPSLOOXPLQDWLRQZDVQHFHVVDU\WRDFKLHYHKLJK
SRODUL]DWLRQ8VHRIDQDUURZHGODVHULVPRWLYDWHGE\UHFHQWZRUN>@VXJJHVWLQJWKDWFLUFXODUGLFKURLVPLQD
KLJK SUHVVXUH V\VWHP DOORZV RIIUHVRQDQW OLJKW WR SXPS WKH ' GHSRODUL]LQJ WUDQVLWLRQ UHGXFLQJ 5E
SRODUL]DWLRQSKRWRQHIILFLHQF\DQGILQDO+HSRODUL]DWLRQ2QFHZHGHFLGHGWRUHEXLOGWKHV\VWHPZLWKDQHZ
VSHFWUDOO\QDUURZHG ODVHU ZH ORRNHG LQWR RWKHU LPSURYHPHQWV DV ZHOO :H LGHQWLILHG SURWHFWLYH GHVLJQ
HOHPHQWV IRU WKH JODVV FHOO FUDGOH WRGHFUHDVH OLNHOLKRRGRI EUHDNDJHRU FRQWDPLQDWLRQZKHQ LQVWDOOLQJQHZ
SRODUL]DWLRQFHOOV:HDOVRLQWHJUDWHGDOOWKHVXEV\VWHPVLQWRDQDXWRPDWHGFRPSDFWDQGPRELOHSDFNDJH
7KH RULJLQDO =HSSHOLQ  SXPS ODVHU XVHG WZR EDU GLRGH DUUD\V WR SURYLGH EURDG EDQG  QP
):+0ODVHUOLJKW:HXSJUDGHGWKLVLQ=HSSHOLQWRDQHZGHVLJQLQFRUSRUDWLQJIRXUEDUVWDFNVWKDW
DUH VSHFWUDOO\ QDUURZHG XVLQJ DQ H[WHUQDO FDYLW\ 7KH QHZ ODVHU XVHV RXU SURSULHWDU\ VWHSPLUURU >@ WR
HTXDOL]H RSWLFDO SDWK OHQJWKV LQ WKH H[WHUQDO FDYLW\ IRU ZDYHOHQJWK QDUURZLQJ  7KH VSHFWUDO QDUURZLQJ LV
HQKDQFHG IRU RQH RI WKH VWDFNV E\ XVLQJ D FXVWRP FRUUHFWLQJ SULVP DUUD\ RQ WKH ODVHU VWDFN WR FRUUHFW WKH
³VPLOHV´ WKDW FDXVH SRLQWLQJ YDULDWLRQ EHWZHHQ WKH HPLWWHUV RI HDFK ODVHU EDU )LJD 7KH ZDYHOHQJWK
 
)LJ&RPSDULVRQRI=HSSHOLQOHIWDQG=HSSHOLQULJKW
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VSHFWUXPIURPWKLVVWDFNZDVUHGXFHGEHORZQP%XGJHWDQGWLPHOLPLWDWLRQVSUHYHQWHGRXWILWWLQJDOOIRXU
VWDFNVZLWK WKHVHFRUUHFWLRQHOHPHQWV7KHIXOO ODVHUKDVDQRPLQDORXWSXWRIN:DQGD):+0RIa
QP)LJE
:H QRZ OLVW RWKHU HOHPHQWV RI =HSSHOLQ  7KH ILUVW SXPSLQJ FHOO ZH LQVWDOOHGZDV IDEULFDWHG IURP
ERURVLOLFDWHJODVV ILWWHGZLWKDGRPHGRSWLFDOIODWIRUDODVHUZLQGRZ)LJF7RDFKLHYHWKHWZR]RQHZDOO
WHPSHUDWXUH SURILOH QHHGHG WR SURYLGH VWDEOH SRODUL]HU RSHUDWLRQ WKH FHOO LV KHOG LQ SODFH E\ WZR VHSDUDWH
WKHUPDO MDFNHWV 7KH WRS MDFNHW FRROV WKH JDV QHDU WKH WRS ZLQGRZ WKH ORZHU MDFNHW NHHSV WKH ERWWRP
WHPSHUDWXUH KLJK HQRXJK WR PDLQWDLQ D KLJK DONDOL FRQFHQWUDWLRQ )LJG 7KH FHOO DQG WKHUPDO MDFNHW
DVVHPEO\ LV PRXQWHG LQVLGH DQ DOXPLQXP FRQWDLQPHQW YHVVHO )LJH 7KH FRQWDLQPHQW YHVVHO DOORZV WKH
SRODUL]HUWRRSHUDWHDWKLJKSUHVVXUHVE\FRQWUROOLQJWKHFRQWDLQPHQWYHVVHOSUHVVXUHWRPDWFKWKHLQWHUQDOFHOO
SUHVVXUH7KHODVHUEHDPLVGHIOHFWHGE\XVLQJDVKURXGHGWXUQLQJPLUURU)LJI WKURXJKDQ$5FRDWHG
IXVHGVLOLFDHQGZLQGRZLQWKHSUHVVXUHYHVVHOWRDOORZODVHULOOXPLQDWLRQRIWKHSRODUL]LQJFHOO)HHGWKURXJKV
LQ WKH WRS IODQJH JLYH DFFHVV IRU JDV OLQHV WKHUPRFRXSOHV HOHFWULFDO OLQHV IRU DGGLWLRQDO LQWHUQDO KHDWHUV
VLOLFRQHRLOOLQHVDQGLQVWUXPHQWDWLRQ:HFRQWUROWKHMDFNHWWHPSHUDWXUHVZLWKWZRVHSDUDWHKRWRLOV\VWHPV
)LJJ
7KHELDVPDJQHWLFILHOGUHTXLUHGIRU6(23LVSURYLGHGE\DuFPVROHQRLGLQWRZKLFKWKHSUHVVXUH
YHVVHOLVORDGHG7KHDVVHPEO\DOVRKDVWULPFRLOVWRHQKDQFHILHOGXQLIRUPLW\DWWKHHQGVRIWKHFHOO,QRXU
H[SHULPHQWVWKHELDVILHOGZDVKHOGDWDERXWJDXVV7KHVROHQRLGSUHVVXUHYHVVHOSDFNDJHLVLQVWDOOHGLQDQ
DOXPLQXP HQFORVXUH DQG VXUURXQGHG E\ ORZ FDUERQ VWHHO PDJQHWLF ILHOG UHWXUQV ,Q =HSSHOLQ  WKH
EURDGEDQGODVHUZDVPRXQWHGRQWRSRIWKHIUDPHDWWDFKHGWRDEDVHSODWHDQGWLOWHGXSWR,Q=HSSHOLQ
FOLWHUSXPSLQJFHOO G FHOO PRXQWHG LQ WZR]RQH RLO KHDWHU QRWH
VPDOOPRXQWLQJKROHIRU105SUREH
D (IIHFWV RI FRUUHFWLRQ SODWHV
RQWZHOYHEDUODVHU
E )RXU EDU  N: QDUURZHG
SXPSODVHU
H &DUWULGJH LQVWDOOLRQ
LQWRSUHVVXUHYHVVHO

I 6KURXGHG WXUQLQJ
PLUUURU
 
J 6XSSRUW V\VWHPV (OHFWULFDO SRZHU
LQVWUXPHQWDWLRQ GDWD DFTXLVLWLRQ DXWRPDWHG GLJLWDO
FRQWUROOHIW2LOKHDWLQJJDVKDQGOLQJODVHUSRZHU
DQGFRROLQJULJKW

)LJ(OHPHQWVDQGLQIUDVWUXFWXUHIRU=HSSHOLQ
F
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WKHQDUURZEDQGODVHUZDVKRXVHGYHUWLFDOO\LQLWVRZQHQFORVXUHZLWKWKHEHDPH[LWLQJDORQJWKHWLOWD[LVRI
WKH LQFOLQHG FHOO VR WKDW URWDWLQJ WKH FHOO WR D QHZ DQJOH GLG QRW UHTXLUH UHDOLJQLQJ WKH ODVHU (DFK KRW RLO
V\VWHPXVHVD:FHQWULIXJDOSXPSUDWHGWR&
:HPHDVXUHGWKHSRODUL]DWLRQLQWKHFHOOXVLQJ1057KH105SUREHLVDFXVWRPVXUIDFHVSLUDOFRLOWKDW
LVZRXQGRQWRD3((.ILOPVXEVWUDWHWKDWLVUDWHGWRq&7KHFRLOLVPRXQWHGIOXVKZLWKWKHJODVVFHOOZDOO
LQ DQRSHQLQJ LQ WKHKRWPHWDOOLF RYHQ )LJE7KH105VLJQDOZDV DFTXLUHG DQG DQDO\]HGZLWK LQKRXVH
/DE9LHZVRIWZDUH105ULQJGRZQGXHWRGHSKDVLQJFRQILUPVILHOGXQLIRUPLW\LVSSPLQWKHFRLOUHJLRQ
105FRLOIOLSDQJOHFDOLEUDWLRQVZHUHSHUIRUPHGIRUERWKSURWRQDQG+HZLWKVLPLODUJHRPHWULFDOSDUDPHWHUV
DQG ZHUH LQ JRRG DJUHHPHQW ZKHQ VFDOHG DSSURSULDWHO\  $OO FDOLEUDWLRQV ZHUH GRQH LQ WKH SUHVHQFH RI
DOXPLQXPVKLHOGLQJLGHQWLFDOWRWKDWIRXQGLQWKHSRODUL]HU'XHWRWKHHOHYDWHGWHPSHUDWXUHRIWKHFRLOGXULQJ
+HPHDVXUHPHQWVDFRUUHFWLRQIDFWRUIRUWKHFRLOUHVLVWDQFHZDVUHTXLUHG7KLVZDVGRQHE\PHDVXULQJWKH4
RI WKH FRLO DV D IXQFWLRQRI FRLO WHPSHUDWXUHGXULQJ WKH H[SHULPHQWV DQG FRUUHODWLQJ WKHVHPHDVXUHPHQWV WR
SUHGLFWHGFKDQJHVLQWKHUHVLVWDQFHRIWKHFRSSHUZLUH7KHFKDQJHLQ4ZDVXVHGWRDGMXVWWKHVWUHQJWKRIWKH
VLJQDOUHWXUQDQGWKHIOLSDQJOHXVHGLQWKHSRODUL]DWLRQFDOFXODWLRQ

([SHULPHQWDOUHVXOWV
=HSSHOLQGHPRQVWUDWLRQV
:H WHVWHG VL[ GLIIHUHQW FHOOV LQ =HSSHOLQ  IRXU ZHUH PDGH RI 3\UH[ WZR IURP D FRPELQDWLRQ RI
DOXPLQRVLOLFDWHJODVVHV3\UH[FHOOVZHUHPDGHIURPPPGLDPHWHUDQGPPZDOOWKLFNQHVVWXELQJDQG
PP WKLFNZLQGRZV$W WKLV SRLQW WKH DOXPLQRVLOLFDWH FHOOV DUHPDGH IURP D FRPELQDWLRQ RI PP WKLFN
&RUQLQJZLQGRZV6FKRWWWUDQVLWLRQJODVVDQG&RUQLQJEDUUHOWKHEDUUHOKDVDPP,'DQG
 PP ZDOO WKLFNQHVV $OO FHOOV DUH ZDVKHG ULQVHG ZLWK PHWKDQRO DQG GLVWLOOHG ZDWHU DQG EDNHG DW
WHPSHUDWXUHVH[FHHGLQJ&WKHFHQWHUSRUWLRQRIWKHF\OLQGHULVDW&WKHHQGV&GXULQJEDNLQJ
XQGHUXOWUDKLJKYDFXXP8+9IRUGD\V2XWJDVVLQJLVPRQLWRUHGXVLQJD5HVLGXDO*DV$QDO\]HU5*$
%HFDXVH RI WKH OLPLWHG VWUHQJWK RI WKH WKLQ IODW DOXPLQRVLOLFDWH
ZLQGRZV WKH DOXPLQRVLOLFDWH FHOOV ZHUH EDNHG LQVLGH DQ DOXPLQXP
YDFXXP YHVVHO IRU PLQLPL]LQJ WKH SUHVVXUH GLIIHUHQFH WKH FHOO LV
HYDFXDWHGE\WKH8+9V\VWHPDWWKHVDPHWLPHDVWKHSUHVVXUHYHVVHO
LVHYDFXDWHGZLWKDURXJKSXPS
7KHFHOOVZHUHFKDUJHGZLWKJUDPVRID.5EPL[WXUHWKDW
LV SUHSXULILHG E\ ORZ WHPSHUDWXUH GLVWLOODWLRQ:H GRXEOH GLVWLOOHG
ERWKSRWDVVLXPDQGUXELGLXPLQWRDVLQJOHPL[LQJUHWRUW)LJ7KH
GLVWLOOHULVDVLQJOHSLHFHRIJODVVZDUHFRPSULVHGRIWZRODUJHUHWRUWV
IRUSRWDVVLXP WZRVPDOO UHWRUWV IRU UXELGLXPD VLQJOH ODUJHPL[LQJ
UHWRUW DQG DYDFXXPFRQQHFWLRQ$IWHU FOHDQLQJ DQG YDFXXPEDNLQJ
WKH JODVVZDUH  J RI SRWDVVLXP LV FKDVHG LQWR WKH RXWHU ODUJH
UHWRUW  J RI UXELGLXP LV FKDVHG LQWR WKH RXWHU VPDOO UHWRUW 7KH
V\VWHP LV VHDOHG ZLWK D IODPH DQG HYDFXDWHG DQG HDFK UHWRUW LV
ZUDSSHGLQKHDWWDSHDQGLQVXODWHG7KHSRWDVVLXPLVKHDWHGWR&
WKH UXELGLXP WR & DQG DOORZHG WR GLVWLOO XQWLO  RI WKH
PHWDOLVGLVWLOOHGLQWRWKHQH[WUHWRUW7KHLQLWLDOUHWRUWLVUHPRYHGZLWK
D IODPH DQG WKH SURFHVV LV UHSHDWHG GLVWLOOLQJ ERWK PHWDOV LQWR WKH
PL[LQJUHWRUW:HGULYHWKHPHWDOVLQWRWKHILQDOUHWRUWDQGLQDILQDO
GLVWLOODWLRQVWHSFKDUJHWKHFHOOZLWKDONDOL
7KH PRVW FRPSUHKHQVLYH VHW RI H[SHULPHQWV ZLWK =HSSHOLQ 
RFFXUUHG LQ )HE  ZLWK D 3\UH[ FHOO DQG -XO\  ZLWK DQ
)LJ  5HPDLQV RI GLVWLOODWLRQ V\VWHP
,Q WKH VWDJH GLVWLOOHUV 5E DQG . DUH
GLVWLOOHG LQWR WKH PL[LQJ UHWRUW 7KH
SXULILHG DONDOL PL[WXUH LV GULYHQ LQ
OLTXLG IRUP LQWR WKH ILQDO GLVWLOODWLRQ
UHWRUW7KHILQDOUHWRUWLVDWWDFKHGWRWKH
FHOOE\D.DOUH]RULQJEDOOMRLQWDQGWKH
PL[WXUHLVGLVWLOOHGLQWRWKHFHOO
6WDJH.'LVWLOOHU 6WDJH5E
'LVWLOOHU
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DOXPLQRVLOLFDWHFHOO,QERWKRIWKHVHH[SHULPHQWVWKHDONDOLZDVGRXEOHGLVWLOOHGDQGWKHQGULYHQLQWRWKHFHOO
7KHDOXPLQRVLOLFDWHFHOOEHFDPHFRQWDPLQDWHGZLWKFFRUVRRI2GXHWRDJODVVEORZLQJPLVKDSZKHQWKH
FHOOZDVEHLQJVHDOHG,Q)HEUXDU\ZHDOVRWHVWHGRXUGRXEOHGLVWLOODWLRQWHFKQLTXHRQDWKLFNZDOO3\UH[
FHOOZKLFKFRXOGEHEDNHGRXWVLGHRIWKHYDFXXPRYHQWKLVFHOOZDVUXQIRUDEULHISHULRGWRWHVW7 7KH
FHOOVZHUHWHVWHGLQDVHULHVRIUXQVODVWLQJIURPWZRWRKRXUV'XULQJHDFKUXQWKHFHOOZDVLQLWLDOO\KHDWHG
WRDSSUR[LPDWHO\&WKLVSURFHVVWRRNKRXUV1H[WWKHODVHUZDVWXUQHGRQDWORZSRZHUIRUDERXW
PLQXWHV WKLVUHPRYHGDWKLQ OD\HURIDONDOL WKDWGHSRVLWHGRQWKHWRSZLQGRZZKHQWKHSRODUL]HUZDVEHLQJ
KHDWHGDQGFRROHGZLWKWKHODVHURII,QWKHUXQVGLVFXVVHGKHUHWKHODVHUSRZHUZDVVORZO\UDPSHGXSRYHU
PLQXWHV WR  ZDWWV 105 VLJQDO ZDV DFTXLUHG HYHU\  PLQXWHV DQG ZDV FRUUHFWHG IRU WHPSHUDWXUH
FKDQJHV
:HPDGHWKUHHW\SHVRIH[SHULPHQWDOVWXGLHVWKHWRWDOVSLQH[FKDQJHUDWHQHDUDV\PSWRWLFSRODUL]DWLRQ
DQGZDOOUHOD[DWLRQ7:HPHDVXUHGWKHVSLQH[FKDQJHXVLQJD³]HURFURVVLQJ´PHWKRG)LJDLQZKLFK
ZHUHYHUVHWKHSRODUL]DWLRQRIWKHODVHUE\URWDWLQJDTXDUWHUZDYHSODWHLQWKHODVHUE\WKLVUHYHUVHVWKH
+HSRODUL]DWLRQRYHU WLPH)URP WLPHKLVWRU\RI WKHSRODUL]DWLRQ UHYHUVDOZHFDQDOVR HVWLPDWH WKH VSLQXS
WLPH DQG VWHDG\VWDWH SRODUL]DWLRQ XQGHU VWHDG\ FRQGLWLRQV 7KH QHDUDV\PSWRWLFPHDVXUHPHQW FRQVLVWHG RI
UXQQLQJ WKH SRODUL]HU IRU D SHULRG RI WZR KRXUV WR FDSWXUH WKH WUHQG WRZDUGV DV\PSWRWLF SRODUL]DWLRQ 7
PHDVXUHPHQWVLHZDOOUHOD[DWLRQPHDVXUHPHQWVFRQVLVWHGRIUHFRUGLQJWKHSRODUL]DWLRQRYHUQLJKWDIWHUWKH
ODVHUDQGKHDWHUVZHUHWXUQHGRII
7KHILUVW3\UH[DQGWKHDOXPLQRVLOLFDWHFHOOHDFKVKRZHGVRPHYDULDWLRQIURPUXQWRUXQ7,QGHHGWKH
3\UH[FHOO7FKDQJHGDEUXSWO\ZKHQWKHELDVILHOG%ZDVUHYHUVHGLQLWLDOPHDVXUHPHQWVRIVKRZHGD7RI
KRXUVEXWZLWKWKHILHOGUHYHUVHG7LQFUHDVHGWRKRXUV6XEVHTXHQWO\7YDULHGEHWZHHQDQGKRXUV
7KH7RIWKHR[\JHQFRQWDPLQDWHGDOXPLQRVLOLFDWHFHOOZDVEHWZHHQDQGKRXUV7KHPRVWUHFHQW3\UH[
FHOOLQWRZKLFKWKHDONDOLZDVGLUHFWO\GLVWLOOHGZDVIRXQGWRKDYHD7RIKRXUVLQWZRVHSDUDWHUXQV
)RU ERWK WKH SRODUL]DWLRQ UHYHUVDO DQG QHDUDV\PSWRWLF H[SHULPHQWV WKH GDWD DUH PRGHOHG XVLQJ WKH
VROXWLRQWR

  +H6'$ONDOL6($ONDOL6(+H 3;33GW
G3 * @>@> JJ
    


ZKHUH @> $ONDOL6( 3J LV WKH VSLQH[FKDQJHUDWH; LV WKH;IDFWRUDQGDFFRXQWV IRU WKHH[FHVVVSLQGHVWUXFWLRQ
DQG 6'* LVWKHVSLQGHVWUXFWLRQGXHWRZDOOHIIHFWVGLSROHGLSROHVSLQGHVWUXFWLRQHWF7KHGDWDDUHILWWR
H[S  XS0D[+H 7WW33  
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
7KH SRODUL]DWLRQ UHYHUVDO PHDVXUHPHQWV VKRZ WKH EHKDYLRU RI WKH V\VWHP DV WKH SRODUL]DWLRQ SDVVHV
WKURXJK]HUR$W]HURFURVVLQJWKHSRODUL]DWLRQUDWHRIFKDQJHLVHTXDOWRWKHEXONDYHUDJHVSLQH[FKDQJHLQ
WKH FHOO DV GHVFULEHG E\ HTXDWLRQ  %HFDXVH WKHUH LV QR SRODUL]DWLRQ ORVV WKH PHDVXUHG VSLQH[FKDQJH
GHSHQGV RQO\ RQ WKH FHOO JHRPHWU\ ODVHU SRZHU DQG WHPSHUDWXUH SURILOH 7KHUHIRUH WKH ]HURFURVVLQJ
PHDVXUHPHQW LV DQ H[FHOOHQW WRRO IRU SDUDPHWULF VWXGLHV RI WKH JHRPHWULF RU WKHUPDO FRQILJXUDWLRQV RI WKH
V\VWHPXVLQJDQ\FHOOUHJDUGOHVVRIWKHTXDOLW\RIWKHFHOO
([DPSOHVRIWKHSRODUL]DWLRQUHYHUVDOPHDVXUHPHQWVDQGORQJWHUPDV\PSWRWLFEHKDYLRUDSSHDULQ)LJ
7KH SRODUL]DWLRQ UHYHUVDO PHDVXUHPHQWV LQGLFDWH WKDW WKH FHOO SURSHUWLHV FKDQJH HLWKHU ZLWK UXQ WLPH RU
SRODUL]DWLRQGLUHFWLRQ7KHQHDUDV\PSWRWLF UXQVKRZVDQDFWXDOSRODUL]DWLRQJUHDWHU WKDQDQG WUHQGLQJ
VLJQLILFDQWO\KLJKHU

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7KHH[SHULPHQWDOUHVXOWVDUHODUJHO\LQDJUHHPHQWZLWKRXUPRGHOLQJDVVHHQLQ7DEOHDZKLFKVKRZV
GDWDIURPIRXUUXQVZLWKWKHDOXPLQRVLOLFDWHFHOODWDPDJDWWKDWDFKLHYHGDFWXDOSRODUL]DWLRQVJUHDWHUWKDQ
,QDGGLWLRQWRWKHVWDWHGYDULDWLRQVRIWKH105WHPSHUDWXUHWKHFKDUDFWHURIWKHWHPSHUDWXUHGLVWULEXWLRQ
LQWKHFHOOYDULHGIURPUXQWRUXQ$OWKRXJKWKHWHPSHUDWXUHRIWKH105FRLOLV&WKHLQWHUQDOZDOO
WHPSHUDWXUH DQG WKH DONDOL SXGGOH WHPSHUDWXUHV DUH VRPHZKDW KLJKHU VR WKDW WKH V\VWHP VKRXOG IDOO LQ WKH
UDQJH RI WKHVH VLPXODWLRQV %DVHG RQ WKH FHOO SUHVVXUH GXULQJ WKH UXQ ZH HVWLPDWHG WKH DYHUDJH FHOO
WHPSHUDWXUHWREHDERXW&
7KHVHGDWDVKRZDV\PSWRWLFSRODUL]DWLRQVDUHDOORUDERYH&HOOSHUIRUPDQFHDSSHDUVWRFKDQJHIURP
UXQWRUXQ7KH;IDFWRUFRPSXWDWLRQLVYHU\VHQVLWLYHWRWKHHVWLPDWHVRIWKHRWKHUIUHHSDUDPHWHUVDQGWRWKH
ZDOO UHOD[DWLRQ WLPH7 6LQFH7 LVPHDVXUHGZLWK D FROG RU FRROLQJ FHOO WKHVHPHDVXUHPHQWVPD\ QRW EH
LQGLFDWLYH RI WKH DFWXDOZDOO UHOD[DWLRQ DW KLJK WHPSHUDWXUH7KLV SRVVLEOH YDULDWLRQ LQZDOO UHOD[DWLRQZLWK
WHPSHUDWXUHPD\DFFRXQW LQSDUW IRU WKH LPSUREDEOHQHJDWLYHYDOXHRI WKHFRPSXWHG;IDFWRU IRU WKH
GDWD*LYHQWKRVHXQFHUWDLQWLHVWKHVHUHVXOWVDUHFRQVLVWHQWZLWKRXURQHGLPHQVLRQDOVLPXODWLRQV7DEOHE
ERWKLQWHUPVRIVSLQH[FKDQJHUDWHDQGDV\PSWRWLFSRODUL]DWLRQ

)LWV WRH[SHULPHQWDO UHVXOWV: ODVHUSRZHUKRXURU
PRUHUXQWLPHDFWXDOSRODUL]DWLRQ!
2QHGLPHQVLRQDOPRGHOSUHGLFWLRQV
:7 KU
'DWH 105
7HPS
3PD[ J6(>3DONDOL@
KU
7
KU
; 7HPSHUDWXUH ; 3PD[ J6(>3DONDOL@
KU
         
         
         
     

   
 7DEOH&RPSDULVRQRIGDWDILWVRIKLJKSUHVVXUHH[SHULPHQWDOUHVXOWVZLWKRQHGLPHQVLRQDOVLPXODWLRQVXQGHUVLPLODU
FRQGLWLRQV7KHLQGHSHQGHQWSDUDPHWHUVLQWKHPRGHODUHWHPSHUDWXUHDQG;IDFWRU



)LJ+LJKSUHVVXUHSRODUL]DWLRQUHYHUVDOPHDVXUHPHQWVDQGQHDUDV\PSWRWLFVSLQXS
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
=HSSHOLQUHVXOWV
'XULQJWKHODVWZHHNRI$SULOZHSHUIRUPHGDVHULHVRIYDOLGDWLRQWHVWVRQ=HSSHOLQ7KHILUVW
JODVVFHOOLQVWDOOHGLQ=HSSHOLQZDVIDEULFDWHGXVLQJDQHZDSSURDFKWRWKHODVHUZLQGRZ%HJLQQLQJZLWKD
PP RSWLFDO IODW RI 3\UH[ WKH JODVVEORZHU ZDV DEOH WR EORZ D VOLJKW FRQYH[ FXUYDWXUH ZKLOHPDLQWDLQLQJ
RSWLFDO TXDOLW\ 7KLV RSWLFDO TXDOLW\ GRPHG ZLQGRZ ZDV WKHQ PDWHG WR D ERURVLOLFDWH WXEH 7KH FHOO ZDV
FOHDQHG EDNHG DQG FKDUJHGZLWK D5E.PL[WXUHXVLQJ WKH WULSOHGLVWLOODWLRQSURFHVVGHVFULEHG HDUOLHU7KH
ZLQGRZFXUYDWXUHZDVVXIILFLHQWWRZLWKVWDQGRQHEDUSUHVVXUHDOORZLQJWKHYDFXXPEDNHRXWWREHSHUIRUPHG
VXFFHVVIXOO\RXWVLGHWKHYDFXXPYHVVHO7KHFHOOZDVLQVWDOOHGLQWKHSRODUL]HUDQGRSHUDWHGIRURYHUKRXUV
8QIRUWXQDWHO\ WKH FHOO EHFDPH FRQWDPLQDWHG GXULQJ WKH ILUVW KRXUV RI RSHUDWLRQ E\ D WKHUPDOO\ LQGXFHG
SOXPELQJIDLOXUHLQDFRQQHFWLQJOLQHZKLFKH[SRVHGWKHFHOOWRGLIIXVLRQRIH[WHUQDOEXIIHUJDVHVFRQWDLQLQJ
WUDFHDPRXQWVRIR[\JHQQLWURJHQZDWHUYDSRUDQGVLOLFRQRLOYDSRU:HZHUHDEOHWRUHSDLUWKHOHDNZLWKRXW
UHPRYLQJWKHFHOOHYDFXDWHLWDQGUHILOOLWWRWHVWWKHRWKHUDVSHFWVRIWKHV\VWHP7KHFRQWDPLQDWHGFHOOKDGD
VKRUW7 RI IRXU KRXUV  'HVSLWH WKH FRQWDPLQDWLRQ WKH UHVXOWV VKRZ WKDW WKHSRODUL]HU LV VXLWDEOH IRU ODUJH
VFDOH+HSRODUL]DWLRQJLYHQDPRGHUDWHO\JRRGFHOO6SHFLILFUHVXOWVDUH
 7KH RLO KHDWLQJ V\VWHP ZRUNV WR WKH VSHFLILFDWLRQV ZH HVWDEOLVKHG  ,W EULQJV WKH FHOO WR LWV GHVLUHG
WHPSHUDWXUH ZLWK WKH ODVHU RII ZLWKLQ RQH KRXU DQG GRHV QRW VKHG H[FHVVLYH KHDW ZKHQ WKH ODVHU LV
RSHUDWLQJ0RUHRYHULWPDLQWDLQVWKHRLOKHDWHUVDWWKHLQWHQGHGWHPSHUDWXUHV
 :HUHDEOHWRSXPSWKHFHOOVZLWKN:RIQDUURZHGOLJKWDQGVWLOOPDLQWDLQWKHWKHUPDOVWDELOLW\RIWKH
FHOODQGWKHODVHU
 :HLQFRUSRUDWHGD³SRODUL]DWLRQUHYHUVDO´PHWKRGIRUPHDVXULQJWKHVSLQXSUDWH7KLVPHWKRGUHYHUVHV
WKHFLUFXODULW\RIWKHODVHUSRODUL]DWLRQE\URWDWLQJDTXDUWHUZDYHSODWHLQVLGHWKHODVHUZLWKDSQHXPDWLF
DFWXDWRU)LJE
 :HZHUHDEOHWRPHDVXUH+HSRODUL]DWLRQZLWKDYHU\VPDOOFRLOWKDWLVSDUWLDOO\VKLHOGHGE\WKHQHDUE\
DOXPLQXPRYHQ:HDFFRXQWHGIRUWKHVKLHOGLQJGXULQJRXUZDWHUFDOLEUDWLRQV
 :HPHDVXUHGVSLQXSUDWHVJUHDWHUWKDQKUDQGDFWXDOSRODUL]DWLRQVRIJUHDWHUWKDQSHUFHQWZLWK
QRWKHUPDORSWLPL]DWLRQ7KLVLVFRPSDUDEOHWRRXUEHVWUXQVZLWK=HSSHOLQ
 :HRSHUDWHGWKHFHOOLQDQHDUO\KRUL]RQWDOFRQILJXUDWLRQIRUWKHILUVWWLPH
 :HRSHUDWHGWKHSRODUL]HUIRURYHUKRXUVSULRUWRWHUPLQDWLQJWKHWHVWWRUHSDLUOHDNVWKDWGHYHORSHGLQ
WKHRLOV\VWHPDQGDYDOYHVHDOLQWKHSUHVVXUHYHVVHO

)LJD=HSSHOLQLQRSHUDWLRQE3RODUL]DWLRQWUDMHFWRU\GXULQJD³SRODUL]DWLRQUHYHUVDO´WHVW
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
3ODQVDQGRXWORRN
,Q DGGLWLRQ WR SDUDPHWHU DQG SURFHGXUDO VWXGLHV WKHZRUN RQ WKLV SURMHFW LV RQJRLQJ IRFXVLQJ RQ WZR
PDMRUDUHDV'HYHORSLQJVRXUFHVIRUVXLWDEOHPDWHULDOVWRIDEULFDWHODUJHPRQROLWKLFDOXPLQRVLOLFDWHFHOOV
DQGWKHIDEULFDWLRQRIVXFKFHOOVDQG'HYHORSLQJWHFKQRORJ\IRUFLUFXODWLQJSRODUL]HG+HDWERWKKLJKDQG
ORZSUHVVXUHIRUDYDULHW\RIDSSOLFDWLRQV
&RQWLQXHGFHOOGHYHORSPHQW
0RVWRIWKHZRUOG¶VEHVWFHOOVUHSRUWHGLQWKHOLWHUDWXUHZHUHIDEULFDWHGIURP*(LQFOXGLQJWKHEHVWRI
RXU RZQ WHVW FHOOV ZKLFK DFKLHYHG  SRODUL]DWLRQ PHDVXUHG LQGHSHQGHQWO\ E\ 7KDG :DONHU RI WKH
8QLYHUVLW\RI:LVFRQVLQ>@2XUSRODUL]HUKDVDOUHDG\GHPRQVWUDWHG VSLQXS UDWHVRISHUKRXU VRZH
H[SHFWSRODUL]DWLRQVQHDULIDQ\RIRXUFHOOVKDYHOLIHWLPHVQHDUKRXUVDQG;IDFWRUVEHORZ$W
WKLV WLPH*( LV DYDLODEOH FRPPHUFLDOO\ RQO\ DV PPJODVV WXELQJ$OO HIIRUWVZRUOGZLGH WR IDEULFDWH
ODUJHSRODUL]HG+HFHOOVDUHFKDOOHQJHGE\WKLVOLPLWDWLRQ2YHUDGHFDGHDJRRXUDFDGHPLFJURXSZDVWKHILUVW
WRSDUWLDOO\PLWLJDWHWKLVFRQVWUDLQWE\FRPPLVVLRQLQJWKH*(IDFWRU\LQDGHGLFDWHGHIIRUWWRLQFUHDVHWKH
WXELQJ GLDPHWHU$OWKRXJKZH VXFFHHGHG LQ SURGXFLQJ WXELQJZLWK PPGLDPHWHU WKH WXELQJ KDG WKLQQHU
ZDOOV:HDUHVWLOOFKDOOHQJHGWRSURGXFHWKHPPGLDPHWHUWXELQJIURPWKHPPRUPPWXELQJ
7RPHHW RXU RZQ QHHGV DQG WKRVH RI WKH SRODUL]HG +H FRPPXQLW\ IRU DOXPLQRVLOLFDWH JODVV ZH ZLOO
SLRQHHU D QHZ DSSURDFK WR IDEULFDWLQJ WKHVH PDWHULDOV ;HPHG ZLOO ZRUN ZLWK VSHFLDOL]HG JODVV PHOWLQJ
FRPSDQLHVWRFUHDWHELOOHWVRI*(:HZLOO WKHQFRPPLVVLRQD IDEULFDWRUWRH[WUXGH*(³SLSH´LQ´
GLDPHWHUZLWK PPZDOOV 7KHVHZLOO EH KDQG EORZQ WR RXU PP UHTXLUHPHQWV UHVXOWLQJ LQ D VPRRWK
UHEORZQ LQWHULRU VXUIDFH :H UHFHQWO\ LGHQWLILHG DFFHSWDEOH VHUYLFH SURYLGHUV WR H[WUXGH FXVWRP
DOXPLQRVLOLFDWH SLSH GHILQHG WKH WDVNV DQG UHFHLYHG SULFH HVWLPDWHV:H SURSRVH WR KDYH 6HP&RP ,QF
7ROHGR2+SRXUELOOHWVRI*(WKDWZLOOEHXVHGE\'H7HFK,QF3DOPHU0$WRFUHDWHWKHH[WUXVLRQ
2QFHWKLVPDWHULDOLVLQKDQGIXOO\EORZQZLQGRZVZLOOFUHDWHGIURPWKHQHZ*(PDWHULDO

*DVKDQGOLQJ
:H KDYH EHJXQ ZRUN RQ GHYHORSLQJ KDUGZDUH WR FLUFXODWH SRODUL]HG +H EHWZHHQ WKH SRODUL]HU DQG
UHVHUYRLUV 7KLVWHFKQRORJ\HQDEOHVDPHDQVRIF\FOLFDOO\UHSOHQLVKLQJDODUJHQHXWURQDQDO\]HUZLWKKLJKO\
SRODUL]HGJDVVKRZQLQ WKHVFKHPDWLF LQ)LJD 7KHSRODUL]HU LVFRQQHFWHG WKURXJKDVHULHVRIYDOYHV WRD
QHXWURQDQDO\]HUDQGDKROGLQJUHVHUYRLU7KHNH\HOHPHQWLQWKLVDUUDQJHPHQWLVWKHQRQGHSRODUL]LQJSXPS
7KH F\FOHRSHUDWHV DV IROORZV  WKHSRODUL]HU LV LQLWLDOO\ ILOOHGZLWKEDU RI +H DQG WKH UHVHUYRLU FRQWDLQV
HQRXJK JDV WR ILOO WKH DQDO\]HU7KHSRODUL]HU LV RSHUDWHGXQWLO LW UHDFKHVKLJKSRODUL]DWLRQ DWZKLFK WLPH D
YDOYH LV RSHQHG DOORZLQJ LW WR ILOO WKH DQDO\]HU WKURXJK D QR]]OH 7KH SRODUL]HU LV WKHQ UHILOOHG IURP WKH
UHVHUYRLU XVLQJ WKH FRPSUHVVRU 7KH SRODUL]DWLRQ ULVHV LQ WKH SRODUL]HU DQG GURSV LQ WKH DQDO\]HU$IWHU DQ
RSWLPDOF\FOHWLPHWKHSDUWLDOO\GHSRODUL]HGJDVLVHPSWLHGIURPWKHDQDO\]HU LQWRUHVHUYRLU WKHDQDO\]HULV
UHILOOHGIURPWKHSRODUL]HUDQGWKHF\FOHUHSHDWV1RWHWKDWFRPSUHVVLRQLVUHTXLUHGRQO\WRUHWXUQWKHJDVWR
WKHSRODUL]HUWKHDQDO\]HUUHFHLYHVWKHIXOOSRODUL]DWLRQOHYHOGLUHFWO\IURPWKHSRODUL]HU
$ OLPLWLQJ VWHS LQ WKLV SURFHVV LV WKH FRPSUHVVLRQ RI +H ZLWK PLQLPDO SRODUL]DWLRQ ORVV WR SUHVVXUHV
VXLWDEOHIRU6(237RWKLVHQGZHUHFHQWO\SURFXUHGWZRQRQIHUURXVLQGXVWULDOVFDOHFRPSUHVVRUVWKDWFDQEH
RSHUDWHGVHSDUDWHO\RUFRPELQHGLQWRDWZRVWDJHFRPSUHVVRUFDSDEOHRIVXFWLRQSUHVVXUHVGRZQWRWRUUDQG
RXWSXWSUHVVXUHVXS WREDU 7KHGHVLJQ LQFOXGHVD VHDOHGGLDSKUDJPDQGXVHVZHWWHGFRPSRQHQWVPDGH
IURPWLWDQLXPSKRVSKRUEURQ]HDQGDOXPLQXP$VHSDUDWHO\VHDOHGSHULPHWHUYROXPHDOORZVIRUOHDN
FKHFNLQJDQGLQWKHHYHQWRIDEUHDFKJDVUHFRYHU\

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
:HKDYHDVVHPEOHGDQDSSDUDWXVWKDWZLOODOORZXVWRWHVWVHYHUDOVFHQDULRVLQYROYLQJWKHFLUFXODWLRQRI
SRODUL]HG+H)LJEDQGFVKRZDVFKHPDWLFDQGDSKRWRRIWKHDSSDUDWXV7KHV\VWHPLVFRQQHFWHGWRDQ
H[WHUQDOJDVSDQHOWKURXJKWKHYDOYH97KLVDOORZVXVWRHYDFXDWHWKHGHYLFHDQGWRLQWURGXFHSRODUL]HGDQG
GLOXWLRQ JDV LQWR WKH V\VWHP 7KHUH DUH WKUHH +H UHVHUYRLUVZKLFK DUHPDGH IURPPP2'3\UH[ WKH
UHVHUYRLUVDUHFRQQHFWHGLQVHULHV$YDOYH9DOORZVDOOUHVHUYRLUVWREHFRQWLJXRXVRUDOWHUQDWLYHO\DOORZV
5HVHUYRLUWREHLVRODWHGIURP5HVHUYRLUVDQG
:H HQYLVLRQ WKUHH W\SHV RI WHVWV  'HSRODUL]DWLRQ PHDVXUHG GXULQJ FRQWLQXRXV IORZ DW ORZ SUHVVXUH
UDWLR  'HSRODUL]DWLRQ PHDVXUHG LQ VLPXODWHG ILOOLQJ DQG HPSW\LQJ DQG  6WDWLF GHSRODUL]DWLRQ )RU
FRQWLQXRXVIORZVWXGLHVRQFHWKHV\VWHPLVFKDUJHGZLWKSRODUL]HGJDVWKHV\VWHPPD\EHXVHGWRFLUFXODWH
JDVIURP5HVHUYRLUWKURXJKYDOYH9WKURXJKRQHRUERWKSXPSVDQGWKHQLQWR5HVHUYRLUDQGVRRQ7KH
WZRSXPSVFDQEHFRQILJXUHGWRHLWKHUUXQLQVHULHVRUWRE\SDVVWKHKLJKSUHVVXUHVWDJH7KHRULILFHVFDQEH
VZLWFKHGVHSDUDWHO\DOORZLQJWKUHHGLIIHUHQWIORZUDWHV)LQDOO\WKHV\VWHPPD\EHFKDUJHGZLWKDGLIIHUHQW
WRWDO YROXPH RI JDV :H ZLOO SHUIRUP VWXGLHV RI GHSRODUL]DWLRQ DV D IXQFWLRQ RI WLPH IRU WKHVH GLIIHUHQW
FRQILJXUDWLRQV DQG GLIIHUHQW IORZ UDWHV:HZLOO WHVW WKH ³QXOO´ K\SRWKHVLV WKDW GHSRODUL]DWLRQ UDWHV GHSHQG
RQO\RQVXUIDFHUHOD[LYLW\DQGDUHLQGHSHQGHQWRIIORZYHORFLWLHVDQGSUHVVXUHFKDQJHV

$FNQRZOHGJHPHQWV
7KLVZRUNKDVEHHQVXSSRUWHGWKURXJKWKH6%,5SURJUDPVRIWKH8QLWHG6WDWHV1DWLRQDO,QVWLWXWHVRI+HDOWK
*UDQW1R5(%DQG'HSDUWPHQWRI(QHUJ\*UDQWV1R'(6&'(6&'(
)*(5DQG'()*(5



  
)LJD6FKHPDWLFRIDSRODUL]HG+HILOOLQJVWDWLRQGHGLFDWHGWRDXWRPDWHGUHILOOLQJRIDZLGHDQJOHQHXWURQDQDO\]HUE
6FKHPDWLFRIRXUWHVWV\VWHPWRGHWHUPLQHWKHSHUIRUPDQFHRIFRPSRQHQWVXVHGWRFLUFXODWHSRODUL]HG+H
F7HVWV\VWHPLQFOXGHVQRQIHUURXVWZRVWDJHGLDSKUDJPSXPS
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